Electromagnetic pulses (EMP) can be very destructive and protecting against them is crucial. This paper discusses a method to determine the effects an intentional EMP would have on a system with multiple layers of different materials by simulating the exposure to electromagnetic waves in ANSYS HFSS. Worst case scenarios are tested by applying wavelengths that result in a resonant frequency through the object. The results show the magnitude of the current densities at the surface of the object induced by the EMP waves. The impact of the waves can be determined by reviewing the current density through the object with respect to the physical properties of the materials.
II. ELECTROMAGNETIC PULSE
There are a few types of EMPs that are of concern regarding electronics and system infrastructures; they are high-altitude EMP (HEMP) generated from nuclear detonation in space, and EMP and REMP which can be non-nuclear and generated from several sources. The focus is on non-nuclear EMP generated by repeatable high-power generators. Repetitive EMP (REMP) is usually wideband with each pulse being composed of a wide range of frequencies. This larger spectrum of a wideband REMP has a higher chance of striking a resonant frequency than a narrowband attack. Even though REMP tend to have a weaker field, hitting a resonant frequency can have very impactful results. [1] 
III. SIMULATION SETUP
The simulations were conducted in ANSYS HFSS 13, which is for 3-D full-wave electromagnetic field simulation and high frequency and high speed components [2] . The model used was designed and imported from Autodesk Inventor.
It is being assumed that an EMP will propagate in free space as a plane wave because the distance from the source of radiation is not a factor in these simulations and a plane wave will cover both far and short distance waves [3] . A vacuum box was designed around the model to eliminate any external interference of the pulses. The incident plane wave that was selected was at the low end of the possible range of magnitudes that wideband waveforms usually are in. Beginning at the lower end of the spectrum would allow for the focus on resonant frequency as opposed to the power of the waves.
Considering the size of the system, the frequency range that was considered was from 1 GHz to 101 GHz, due to the belief that resonating frequencies will be in this range. The object used for modeling was designed to be a system of components of different shapes and materials layered within each other to view how the waves would penetrate and propagate or couple to the model shown in Fig. 1 , which shows the cross section with the objects differentiated by color as follows:
IV. MODEL
• The outer object (dark grey) is a steel cylinder with a small opening on the right side of the figure.
• Inside the cylinder is a metal ring (yellow) that is in direct contact with the cylinder.
• Underneath this metal is glass (black) separating the ring from the rod.
• The metal rod (yellow), which extends out through the opening, was designed to
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• Although physically separated, the rod and ring are connected by a small piece of wire too small to see in the figure.
• The opening of the cylinder is sealed with silicon (blue). The EMP is travelling from directly above the cross section in the y-direction.
V. SIMULATION RESULTS
The following simulation results are shown at 1GHz, 11 GHz, and 31GHz and are grouped in order by frequency of impinging wave. Each grouping consists of 3 points of interest in the model, E Field at the end of the external rod, current density at the internal end of the rod where multiple materials come together including a fine gauge wire, and current density at the surface of the wire that connects the rod and ring.
Grouping one, comprised of figures 2, 3 and 4, show the results of the model bombarded with a wave at 1 GHz. This shows that the E field is strongest at the tip of the rod away from the other components, and that there is no appreciable concentration of the current density at the surface of the rod internal to the cylinder and the wire connecting the rod and the ring. Grouping two, comprised of figures 5, 6 and 7, show the results of the model bombarded with a wave at 11 GHz. This shows that there is less E field enhancement at the external tip of the rod and more towards the interface of the rod and the cylinder, and that the concentration of the current density increases at the at the surface of the rod internal to the cylinder, and increases dramatically at the surface of the wire and the ring. Grouping three, comprised of figures 8, 9 and 10, show the results of the model bombarded with a wave at 31 GHz. This shows that there is E field enhancement towards the interface of the rod and the cylinder, and that the concentration of the current density increases at the surface of the rod internal to the cylinder, and also at the surface of the wire and the ring. Collectively speaking at 1 GHz the E field is focused on the end of the rod that is away from the other components. For 11 and 31 GHz the E field is focused at the end of the rod that is connected to the rest of the components, which cause the higher surface current densities. Fig. 11 quantitatively summarizes the simulation results. It reveals the key frequencies at which the greatest current density is induced throughout the multilayer system. The magnitude of the current density at the surface is shown for each object as depicted in Fig. 12-10 . 
VI. CONCLUSION
After a sweep of the frequencies from 1 GHz to 101 GHz the frequencies of interest are 1, 11, and 31 UNCLASSIFIED GHz. These three frequencies impacted the system the most as shown from the E field and the current density plots. The E field is strongest at the tip of the rod away from the rest of the system at 1 GHz, but focuses towards the inside of the system at 11 and 31 GHz. This is also apparent from the way the current density at the surface increases in the wire at 11 and 31 GHz.
11 GHz would affect this system the most since the current density at the surface of the wire and surrounding areas is highest at this frequency. It is possible that the wave is resonating with the small wire even though it is surrounded by other materials.
VII. FUTURE WORK
Future work will include modification of the amplitude and include frequency diversity and repetition rate for EMP and REMP waves to determine how it influences the system. Also, the direction that the EMP is propagating towards the system will be changed.
